APPENDIX D:
Wind-Diesel System Operational Guidelines

This appendix contains the wind-diesel system operational guidelines that lead to the overall
operational scenario. This scenario was developed by NREL and its sub-contractors for the
SERDP-funded San Clemente Island wind turbine installation.

This appendix conveys information on the amount of wind turbine electrical energy that can be
utilized with the SCI diesel system and on the appropriate use of external loads to manage excess
wind energy. Fuel savings are still achievable with low demand when the wind-diesel system
includes a 225 kW load bank.
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NREL: SAN CLEMENTE ISLAND

WIND/DIESEL GENERATOR LOAD ANALYSIS

#WG : NUMBER OF WIND GENERATORS
WG : WIND GENERATOR LOAD PRODUCTION (kW)

DG : DIESEL GENERATOR LOAD PRODUCTION (kW)
LB : LOAD BANK LOAD DISSIPATION (kW)
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WIND SPEED (mph)
DEMAND 10 15 20
LOAD (kW) [#WG [WG (kW) [DG (kW) |LB (kW) [EWG WG (kW) |DG (kW) |LB (kW) [EWG [WG (kW) |DG (kW) |LB (kW)
200 1 195 3805 0.0 1 57.1]  342.9 oo 1| 118.7] 2813 0.0
2 39.0] 361.0 0.0 2 114.2| 2858 0o 2| 2374] 1626 0.0
3 585 3415 0.0 3 171.3] 2287 00 3] 356.1] 1189 750
] 78.0] 3220 0.0 7 2284 1716 00] 4] 4748 1502 2250
500] 1 195] 480.5 0.0 1 57.1] 442.9 00 1] 118.7] 3813 0.0
2 39.0]  461.0 0.0 2 114.2] 3858 00 2| 2374] 2626 0.0
3 585 4415 0.0 3 1713 3287 00 3] 356.1] 1439 0.0
7 78.0] 4220 0.0 7] 2284 2716 00 4] 4748 1002 750
600] 1 195] 580.5 0.0 1 57.1]  542.9 00 1] 118.7] 481.3 0.0
2 39.0] 561.0 0.0 2 114.2| 48538 00 2| 2374] 3626 0.0
3 585 5415 0.0 3 1713 4287 00 3] 356.1] 2439 0.0
] 78.0] 522.0 0.0 7 2284 3716 00| 4] 4748 1252 0.0
700 1 195] 680.5 0.0 1 57.1]  642.0 00 1] 118.7] 5813 0.0
2 39.0] 661.0 0.0 2 114.2] 5858 00 2| 2374] 4626 0.0
3 585 6415 0.0 3 1713 5287 00 3] 356.1] 3439 0.0
7 78.0] 622.0 0.0 7 2284 4716 00 4] 4748] 2252 0.0
800] 1 195] 780.5 0.0 1 57.1]  742.9 00 1] 118.7] 681.3 0.0
2 39.0]  761.0 0.0 2 114.2| 6858 00 2| 2374] 5626 0.0
3 585 7415 0.0 3 171.3] 6287 00 3] 356.1] 4439 0.0
] 78.0] 7220 0.0 7 2284 5716 00| 4] 4748 3252 0.0
900] 1 195 880.5 0.0 1 57.1] 842.0 00 1] 118.7] 781.3 0.0
2 39.0] 861.0 0.0 2 114.2] 7858 00 2] 2374] 6626 0.0
3 585 8415 0.0 3 171.3] 7287 00 3] 356.1] 5439 0.0
7 78.0] 822.0 0.0 4 2284 6716 00 4] 4748 4252 0.0
1000] 1 19.5] 9805 0.0 1 57.1] 9429 00 1] 118.7] 881.3 0.0
2 39.0]  961.0 0.0 2 114.2| 8858 00 2| 2374] 7626 0.0
3 585 9415 0.0 3 171.3] 8287 00 3] 356.1] 6439 0.0
] 78.0] 922.0 0.0 7 2284 7716 00| 4] 4748 5252 0.0
1100] 1 19.5] 1,080.5 0.0 1 57.1] 1,042.9 0.0] 1] 118.7] 9813 0.0
2 39.0] 1,061.0 0.0 2 114.2] 9858 00 2| 2374] 8626 0.0
3 58.5] 1,0415 0.0 3 171.3] 9287 00 3] 356.1] 7439 0.0
7 78.0] 1,022.0 0.0 4 2284 8716 00 4] 4748] 6252 0.0
1200] 1 19.5] 1,180.5 0.0 1 57.1] 1,142.9 00 1] 118.7] 1,081.3 0.0
2 39.0] 1,161.0 0.0 2 114.2| 1,085.8 00 2| 2374] 9626 0.0
3 58.5] 1,1415 0.0 3 171.3] 1,028.7 00 3] 356.1] 8439 0.0
] 78.0] 1,122.0 0.0 7 2284 9716 00| 4] 4748 7252 0.0
1300] 1 19.5] 1,280.5 0.0 1 57.1] 1,242.9 00| 1] 118.7] 1,181.3 0.0
2 39.0] 1,261.0 0.0 2 114.2] 1,185.8 00 2 2374 10626 0.0
3 58.5] 12415 0.0 3 171.3] 1,128.7 00 3] 356.1] 9439 0.0
7 78.0] 1,222.0 0.0 ] 2284 1,0716 00 4] 4748 8252 0.0
1400] 1 19.5] 1,380.5 0.0 1 57.1] 1,342.9 00 1] 118.7] 1.281.3 0.0
2 39.0] 1,361.0 0.0 2 114.2| 1,285.8 00 2| 2374] 1,162.6 0.0
3 58.5] 1,3415 0.0 3 171.3] 1,228.7 00 3] 356.1] 1,043.9 0.0
] 78.0] 1,322.0 0.0 Z 2284 1,1716 00| 4] 4748 9252 0.0
1500] 1 19.5] 1,480.5 0.0 1 57.1] 1,442.9 00| 1] 118.7] 1,381.3 0.0
2 39.0] 1,461.0 0.0 2 114.2] 1,385.8 00 2 2374 12626 0.0
3 58.5] 14415 0.0 3 171.3] 1,328.7 00 3] 356.1] 1,143.9 0.0
7 78.0] 1,422.0 0.0 4 2284 12716 00 4] 4748 10252 0.0
KEY
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WIND/DIESEL GENERATOR LOAD ANALYSIS

#WG : NUMBER OF WIND GENERATORS
WG : WIND GENERATOR LOAD PRODUCTION (kW)

DG : DIESEL GENERATOR LOAD PRODUCTION (kW)
LB : LOAD BANK LOAD DISSIPATION (kW)
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WIND SPEED (mph)
DEMAND 25 30 35
LOAD (kW) [#WG [WG (kW) [DG (kW) |LB (kW) [EWG WG (kW) |DG (kW) |LB (kW) [EWG [WG (kW) |DG (kW) |LB (kW)
400] 1| 171.4] 2286 0.0 1 206.0]  194.0 00 1| 2270 173.0 0.0
2| 3428 1322 750 2 412.0]  138.0] 150.0] 2| 454.0] 171.0] 2250
3| 5142 110.8] 2250 3 OFF 3 OFF
] OFF Z OFF Z OFF
500] 1] 171.4] 3286 0.0 1 206.0]  294.0 00 1] 227.0] 273.0 0.0
2] 3428 1572 0.0 2 412.0] 1630 750 2| 4540 1210] 750
3| 5142 135.8] 150.0 3 618.0] 1070 2250] 3 OFF
7 OFF 4 OFF 7 OFF
600] 1| 171.4] 4286 0.0 1 206.0]  394.0 00 1| 227.0] 373.0 0.0
2| 3428 2572 0.0 2 412.0]  188.0 00 2| 4540] 146.0 0.0
3| 5142 160.8] 75.0 3 618.0] 132.0] 150.0] 3| 681.0] 144.0] 2250
4] 685.6] 1394 2250 ] OFF 4 OFF
700l 1] 171.4] 5286 0.0 1 206.0]  494.0 00 1] 227.0] 473.0 0.0
2] 3428 3572 0.0 2 412.0]  288.0 00 2] 4540] 246.0 0.0
3| 5142 1858 0.0 3 618.0] 1570 750] 3| 681.0] 169.0] 150.0
4| 6856] 1644 150.0 4 8240 101.0] 2250] 4 OFF
800] 1] 171.4] 6286 0.0 1 206.0]  594.0 00 1| 227.0] 573.0 0.0
2| 3428 4572 0.0 2 412.0]  388.0 00 2| 4540] 346.0 0.0
3| 5142 2858 0.0 3 618.0] 182.0 00 3] 681.0] 119.0 0.0
4 6856] 1144 0.0 7 824.0] 126.0] 150.0] 4| 908.0] 117.0] 2250
900] 1| 1714 7286 0.0 1 206.0] _ 694.0 00 1] 227.0] 673.0 0.0
2] 3428 5572 0.0 2 412.0]  488.0 00 2] 4540] 446.0 0.0
3| 5142 3858 0.0 3 618.0] 282.0 00 3] 681.0] 219.0 0.0
4| 6856] 2144 0.0 7 8240] 151.0] 750] 4| 9080] 142.0] 1500
1000 1] 171.4] 8286 0.0 1 206.0]  794.0 00 1| 2270 773.0 0.0
2| 3428 6572 0.0 2 412.0]  588.0 00 2| 4540] 546.0 0.0
3| 5142 4858 0.0 3 618.0] 382.0 00 3] 681.0] 319.0 0.0
4 6856] 3144 0.0 Z 824.0] 176.0 00 4] 9080| 167.0] 750
T100] 1] 1714 9286 0.0 1 206.0]  894.0 00] 1] 2270 873.0 0.0
2] 3428 7572 0.0 2 412.0]  688.0 00 2] 4540] 646.0 0.0
3| 5142 5858 0.0 3 618.0] 482.0 00 3] 681.0] 419.0 0.0
4| 6856] 4144 0.0 7 824.0] 276.0 00 4] 9080] 192.0 0.0
1200 1] 171.4] 1,028.6 0.0 1 206.0]  994.0 0.0] 1] 227.0] 973.0 0.0
2| 3428 8572 0.0 2 412.0]  788.0 00 2| 4540] 746.0 0.0
3] 5142 6858 0.0 3 618.0] 582.0 00 3] 681.0] 519.0 0.0
4 6856] 5144 0.0 7 824.0] 376.0 00 4] 908.0] 292.0 0.0
1300] 1] 171.4] 1,128.6 0.0 1 206.0] 1,094.0 00| 1] 227.0] 1,073.0 0.0
2] 3428 9572 0.0 2 412.0  888.0 00 2| 4540] 846.0 0.0
3| 5142 7858 0.0 3 618.0] 682.0 00 3] 681.0] 619.0 0.0
4| 6856] 6144 0.0 7 824.0] 476.0 00 4] 9080] 3920 0.0
1400] 1] 171.4] 1,228.6 0.0 1 206.0] 1,194.0 00 1| 227.0] 1,173.0 0.0
2| 3428] 1,057.2 0.0 2 412.0]  988.0 00 2| 454.0] 946.0 0.0
3| 5142] 8858 0.0 3 618.0] 782.0 00 3] 681.0] 719.0 0.0
4 6856| 7144 0.0 7 824.0] 576.0 00 4] 908.0] 492.0 0.0
1500] 1] 171.4] 1,328.6 0.0 1 206.0] 1,294.0 00 1] 227.0] 1,273.0 0.0
2] 3428] 11572 0.0 2 412.0] 1,088.0 00 2 454.0] 1,046.0 0.0
3 5142 9858 0.0 3 618.0] 882.0 00 3] 681.0] 819.0 0.0
4| 6856] 8144 0.0 7 824.0] 676.0 00 4] 9080] 5920 0.0
KEY




NREL: SAN CLEMENTE ISLAND WIND/DIESEL GENERATOR LOAD ANALYSIS

WIND SPEED (mph)

DEMAND 40
LOAD (kW) [#AWG [WG (kW)|DG (kW) |LB (kW)
200] 1] 230.0] 170.0 0.0
2| 460.0] 165.0] 2250

3 OFF

] OFF
500] 1] 230.0] 270.0 0.0
2] 460.0] 1150 750

3 OFF

7 OFF
600] 1]  230.0] 370.0 0.0
2| 460.0] 140.0 0.0
3] 690.0] 135.0] 225.0

] OFF
700] 1] 230.0] 470.0 0.0
2] 460.0] 240.0 0.0
3] 690.0] 160.0] 150.0

7 OFF
800] 1]  230.0] 570.0 0.0
2| 460.0] 340.0 0.0
3] 690.0[ 110.0 0.0
4 920.0] 105.0] 2250
900] 1]  230.0] 670.0 0.0
2] 460.0] 440.0 0.0
3] 690.0[ 210.0 0.0
4] 9200] 130.0] 1500
1000] 1| 230.0] 770.0 0.0
2| 460.0] 540.0 0.0
3] 690.0[ 310.0 0.0
4 9200] 155.0] 750
1100] 1| 230.0] 870.0 0.0
2] 460.0] 640.0 0.0
3| 690.0[ 4100 0.0
4] 9200 180.0 0.0
1200] 1] 230.0] 970.0 0.0
2| 460.0] 7400 0.0
3] 690.0[ 510.0 0.0
4 9200 280.0 0.0
1300] 1] 230.0] 1,070.0 0.0
2] 460.0] 840.0 0.0
3] 690.0[ 6100 0.0
4] 920.0] 380.0 0.0
1400] 1| 230.0] 1,170.0 0.0
2| 460.0] 940.0 0.0
3] 690.0[ 710.0 0.0
4 9200 480.0 0.0
1500] 1] 230.0] 1,270.0 0.0
2| 460.0] 1,040.0 0.0
3] 690.0[ 810.0 0.0
4] 9200 580.0 0.0

KEY

#WG : NUMBER OF WIND GENERATORS

WG : WIND GENERATOR LOAD PRODUCTION (kW)
DG : DIESEL GENERATOR LOAD PRODUCTION (kW)
LB : LOAD BANK LOAD DISSIPATION (kW)
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NREL: SAN CLEMENTE ISLAND WIND/DIESEL GENERATOR LOAD ANALYSIS

INPUT
WIND SPEED| GEN LOAD| DG LOAD MIN| DG INC
(mph) (kW) (kW) (kW)
10 19.5 100.0 75.0

15 57.1

20 118.7

25 1714

30 206.0

35 227.0

40 230.0

105.0
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NREL: SAN CLEMENTE ISLAND

FUEL CONSUMPTION ESTIMATE

WIND SPEED (10 mph)

DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 19.5 780.5 51.6 50.3 1.3
2 39.0 761.0 51.6 48.8 2.8
3 58.5 741.5 51.6 47.7 3.9
4 78.0 722.0 51.6 46.7 4.9

WIND SPEED (15 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 57.1 742.9 51.6 47.8 3.8
2 114.2 685.8 51.6 44.8 6.8
3 171.3 628.7 51.6 41.7 9.9
4 228.4 571.6 51.6 38.6 13.0

WIND SPEED (20 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 118.7 681.3 51.6 44.5 7.1
2 237.4 562.6 51.6 38.2 13.4
3 356.1 443.9 51.6 31.8 19.8
4 474.8 325.2 51.6 25.4 26.2

WIND SPEED (25 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) |DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 171.4 628.6 51.6 41.7 9.9
2 342.8 457.2 51.6 32.5 19.1
3 514.2 285.8 51.6 23.5 28.1
4 685.6 114.4 51.6 16.6 35.0

WIND SPEED (30 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 206.0 594.0 51.6 39.8 11.8
2 412.0 388.0 51.6 28.8 22.8
3 618.0 182.0 51.6 19.3 32.3
4 824.0 126.0 51.6 171 34.5

WIND SPEED (35 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 227.0 573.0 51.6 38.7 12.9
2 454.0 346.0 51.6 26.6 25.0
3 681.0 119.0 51.6 16.8 34.8
4 908.0 117.0 51.6 16.7 34.9

WIND SPEED (40 mph)
DEMAND FUEL DEMAND] FUEL USED] FUEL SAVED
LOAD (kW) |#WG |WG (kW) |DG (kW) (gal/hr) (gal/hr) (gal/hr)
800 1 230.0 570.0 51.6 38.5 13.1
2 460.0 340.0 51.6 26.2 25.4
3 690.0 110.0 51.6 16.4 35.2
4 920.0 105.0 51.6 16.2 35.4
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NREL: SAN CLEMENTE ISLAND

3 gall 75 kW = 0.04
4 gal/ 75 kW = 0.053333
5gal/ 75 kW = 0.066667
6 gal/ 75 kW = 0.08
7 gall 75 kW = 0.093333

MYWG  (2)WG (3)WG (4) WG
1.3 2.8

10 . . 3.9 4.9
15 3.8 6.8 9.9 13.0
20 71 13.4 19.8 26.2
25 9.9 19.1 28.1 35.0
30 11.8 22.8 32.3 34.5
35 12.9 25.0 34.8 34.9
40 13.1 25.4 35.2 35.4
FUEL CONSUMPTION
40.0
35.0
30.0
25.0
© — (1) WG
=
3 —(2)WG
j" 20.0 (3) WG
"E-' ———(4) WG

15.0

10.0

5.0

0.0
10 15 20 25 30 35 40

WIND SPEED (mph)
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NREL: SAN CLEMENTE ISLAND

POWER CURVE DATA

WIND GENERATOR: MODEL 225kW

Generator Data

WIND WIND|ELECTRIC
SPEED| SPEED| POWER
m/s Mph kWh
3.0 6.7 0.0
4.0 8.9 6.8
5.0 11.2 19.5
6.0 13.4 31.2
7.0 15.7 57.1
8.0 17.9 87.6
9.0 20.1 118.7
10.0 22.4 149.6
11.0 24.6 171.4
12.0 26.8 189.3
13.0 29.1 206.0
14.0 31.3 216.0
15.0 33.6 224.0
16.0 35.8 227.0
17.0 38.0 229.0
18.0 40.3 230.0
19.0 42.5 225.0
20.0 447 215.0
21.0 47.0 212.0
22.0 49.2 210.0
23.0 51.5 210.0
24.0 53.7 210.0
25.0 55.9 210.0
>25 0.0 0.0

kWh
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NREL: SAN CLEMENTE ISLAND

PERFORMANCE CURVE DATA

DETROIT DIESEL GENERATOR: MODEL 16V-149TI SCCC

Generator Data

POWER| POWER FUEL
bph kW gal/hr
0.0 0.0 12.0

100.0 74.6 15.0
200.0 149.2 18.0
300.0 223.8 21.0
400.0 298.4 24.0
500.0 373.0 28.0
600.0 447.6 32.0
700.0 522.2 36.0
800.0 596.8 40.0
900.0 671.4 44.0
1,000.0 746.0 48.0
1,100.0 820.6 53.0
1,200.0 895.2 58.0
1,300.0 969.8 63.0
1,400.0f 1,044.4 68.0
1,500.0] 1,119.0 73.0
1,600.0] 1,193.6 78.0
1,700.0] 1,268.2 84.0
1,800.0] 1,342.8 90.0
1,900.0] 1,417.4 96.0
2,000.0f 1,492.0 102.0
2,100.0f 1,566.6 108.0
2,200.0f 1,641.2 114.0
2,300.0f 1,715.8 121.0

kW=bhp*0.746

gal/hr
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Graphs Chart 1
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Graphs Chart 3
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